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REPLACING IMAGE INFORMATION IN A 
CAPTURED IMAGE 

BACKGROUND 

Videoconferencing, or video calling, has been used to 
supplement, and in some instances, to replace the traditional 
face-to-face meeting betWeen people from different physical 
sites or locations. When properly implemented, videoconfer 
encing can reduce real and opportunity costs to businesses 
because it cuts doWn on the travel time and cost required to 
bring personnel from different locations together for a face 
to-face meeting. 
As knoWn in the art, videoconferencing or video calling 

includes the transmission of captured video images betWeen 
the parties involved. Typically, a captured video image 
includes tWo portions: a) a foreground portion that shoWs the 
intended object of interest, such as a person or a business 
presentation involved in the videoconference; and b) a back 
ground portion that shoWs the surrounding environment, such 
as an o?ice or a location, in Which the object of interest is 
situated. In some instances, videoconferencing parties may 
be concerned about the improper disclosure of their surround 
ing environment for security and/ or aesthetic reasons. There 
is also a technology concern of having to maintain an expen 
sive video image transmission bandWidth that may be Wasted 
in transmitting unnecessary background information in a cap 
tured image or risk a sloW doWn in the image transmission that 
may affect the quality of a videoconferencing session. 

To remedy the aforementioned problems of capturing 
unWanted background image information for transmission, 
typical videoconferencing or video communication systems 
employ a single distance threshold or color distributions to 
determine Where the background and foreground portions of 
video images are. The background portion of each video 
image is then replaced as desired. HoWever, With the use of a 
single distance threshold, there are instances Where one or 
more parties involved in an imaging application, such as a 
videoconference or a video call, may be consideredpart of the 
background and removed from the video image of the video 
call. For example, consider a scenario Where a person is 
sitting in a reclining chair While participating in a video call, 
and a single distance threshold is set behind the chair. Then 
the resulting virtual depth surface partitioning a transmitted 
foreground portion and an image-removal background por 
tion of the image Would typically be a plane perpendicular to 
the ?oor and ceiling, behind the chair. If the person reclines in 
the chair at a 45-degree angle to the ?oor, the resulting video 
image presented to other remote parties involved in the video 
call Would include only the part of the chair and the part of the 
person that is in the transmitted foreground portion in front of 
the capture plane. The rest of the chair and the person Would 
be replaced With alternative image information. 

LikeWise, With the use of color distributions to determine 
Where the Where the background and foreground portions of 
video images are, if the person involved in the video call 
happens to Wear clothing With a color distribution that 
matches the color distribution of the background, a part or an 
entire image of the person may be replaced With alternative 
image information. 

Accordingly, there is a desire to effectively replace the 
background of images in an imaging application, such as a 
video call, While alloWing a call participant to move freely 
about the camera Without the risk of blending the call partici 
pants into the background portion and partly or completely 
eliminating such call participants from the ongoing video 
image in the video call. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments are illustrated by Way of example and not 
limited in the folloWing ?gure(s), in Which like numerals 
indicate like elements, in Which: 

FIG. 1 illustrates a process for replacing information in an 
imaging application. 

FIGS. 2-5 illustrate various exemplary scenarios for 
replacing unWanted image information in a captured image. 

DETAILED DESCRIPTION 

For simplicity and illustrative purposes, the principles of 
the embodiments are described by referring mainly to 
examples thereof. In the folloWing description, numerous 
speci?c details are set forth in order to provide a thorough 
understanding of the embodiments. It Will be apparent hoW 
ever, to one of ordinary skill in the art, that the embodiments 
may be practiced Without limitation to these speci?c details. 
In other instances, Well knoWn methods and structures have 
not been described in detail so as not to unnecessarily obscure 
the embodiments. 

Described herein are systems and methods for expanding 
upon the traditional single-distance-based background deno 
tation to seamlessly replace some or all of the background 
(foreground, or any other area) of an ongoing video call (or 
any other obtained image) so as to account for a call partici 
pant’ s spatial orientation to maintain a video image of the call 
participant in the video call. Instead of a single-distance 
threshold background plane, a virtual replacement surface is 
used Whereby such a background replacement surface may be 
contoured as desired, With different depth values at different 
sections of such a surface, to alloW the camera to capture 
foreground information on different distances and at different 
angles to the camera. Furthermore, the virtual replacement 
surface may be contiguous or non-contiguous (i.e., having 
multiple separate Zones or sections) to provide replacement 
of background of far aWay surfaces, surfaces near objects or 
subjects intended for video imaging and transmission, and 
surfaces at an angle to the camera. Thus, for example, users of 
different distances and angles from their respective cameras 
may participate in a video call With a modi?ed background 
that maintains images of the users as foreground information 
for the duration of the video call. 

In one embodiment, to accomplish virtual replacement 
surface thresholds in an environment to be captured for video 
transmission, object tracking and/or training of surfaces in 
such an environment is performed to build an accurate back 
ground distance template. The accuracy of the depth resolu 
tion and, consequently, the quality of the background replace 
ment is dependent on the accuracy of the imaging and depth 
mapping systems employed. For example, When a stereo 
camera is employed for both imaging and depth mapping, it 
may be set up With desired lenses, such as standard lenses or 
?sheye lenses, With lens-corrected stereo overlapping regions 
of interest. A number of methods may be used to generate a 
background map. For example, an initial room-mapping 
training method may be used, Wherein a stereo-based video 
imaging system (e.g., a video telephony system) is set up in a 
desired environment to enable the system to document the 
environment. The system is operable to obtain or create a 
distance-based image map that acts as a default background 
?eld, Which takes into account immovable physical bound 
aries, such as Walls, doors, furniture, and alloWs the object of 
the video capture, such as a video call participant, to traverse 
the room freely. In another example, an object-tracking train 
ing method may be used, Wherein a stereo-based video imag 
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ing system (e.g., a video telephony system) is used in an 
object-tracking mode. While in this mode, the system oper 
ates to distinguish the object of the video capture, such as a 
video call participant, via tracking methods implemented 
Within a processing unit or component in the cameras or 
external to them Such tracking methods are knoWn in the arts 
of computer vision and image processing. Simultaneously, a 
background map is created that excludes the tracked object. 
Alternative embodiments are contemplated Wherein a com 
bination of the above tWo methods may be used together to 
achieve greater accuracy in the prediction of user location and 
background. 

FIG. 1 illustrates a process 100 for replacing information in 
an imaging application, in accordance With one embodiment. 
As referred herein, an imaging application is any application 
that involves obtaining still and/ or video images, for example, 
by image or video capture. Examples of an imaging applica 
tion include but are not limited to video calling or videocon 
ferencing, home video recording, movie ?lming, and still 
picture taking. The process 100 enables a de?ning or 
description of an arbitrary virtual contiguous or non-contigu 
ous surface in a scene captured by a video image using depth 
information and a replacement of at least portions of the 
image With selected image information. 

The process 100 begins at 108, Wherein an image of a 
physical scene or environment is ?rst obtained. The obtained 
image may be a still or video image, depending on the imag 
ing application employed. As referred herein, a physical 
scene or environment is an actual volumetric or three-dimen 

sional scene or environment, Wherein the volumetric or three 
dimensions refer to the physical coordinates (height x, Width 
y, and depth Z) of the scene or environment. FIG. 2 illustrates 
an exemplary scenario, Wherein the video imaging applica 
tion is a videoconferencing or video calling application that 
employs an imaging system 240 operable to obtain an image 
of a physical scene or environment 210 by capturing still 
and/ or video images of such a physical environment through 
an optional imaging vieWport 220. The imaging system 240 
may be stationary or in motion as it operates to capture images 
of the physical environment 210. LikeWise, if used, the imag 
ing vieWport 220 also may be stationary or in motion as the 
imaging system 240 operates (stationary or in motion) to 
capture images of the physical environment 21 0. The physical 
environment 210 may be a conference room, an o?ice, a room 
in a home, or any desired imaging area. The imaging system 
240 may include any device capable of capturing still and/or 
video images in its vieW. Examples of the imaging system 240 
include knoWn types of still and video cameras. 
At 110, a depth map of the same physical environment 210 

is obtained. In one embodiment, depth mapping may be 
dynamically generated in instances Where either or both the 
imaging system 240 and the imaging vieWport 220 are in 
motion during image capturing, Which results in changes to 
the scene or environment 210 and changes in the depth map 
ping. It should be noted that changes or movements of objects 
in the scene 210 may also result in changes in the depth 
mapping. Hence, as described herein, depth mapping is 
dynamically generated. A depth map provides a three-dimen 
sional mapping of an image, Wherein the information con 
tained in the image indicates depths or distance values to parts 
of the scene. For example, a depth map of a physical environ 
ment may be a digital image in Which each pixel contains a 
value that indicates the depth or distance to a portion of the 
physical environment that is captured in the image pixel of a 
digital image registered With the depth map. The depth map 
may be generated in a manner knoWn in the art also by the 
imaging system 240, Which may be a stereo camera (still or 
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4 
video) system, an imaging system that mates a normal still or 
video camera With an optical or laser range?nder, or any other 
imaging system that is operable to measure the depth or 
distance of objects in a desired image capturing area, such as 
the physical environment 210. Thus, it should be noted that 
obtaining an image (e.g., by a normal camera) at 108 may be 
performed independently from generating a depth map of 
such an image, e.g., by a range?nder, a lidar (light detection 
and ranging), or a radar (radio detection and ranging) at 110 
so that these tWo steps do not constrain one another. Further 
more, various types of optical lenses may be used in an 
optical/vision system for capturing an image, With computa 
tional compensation provided in the depth-map generation 
for the type of lenses used. Examples of viable optical lenses 
include but are not limited to normal lenses, Wide angle lenses 
such as ?sheye lenses, telephoto lenses, and macro lenses. 
Once obtained, the depth map of the physical scene 210 is 

used to de?ne a depth surface that has at least tWo different 
depth values at 112-114. That is, at 112, a portion of the 
obtained image that corresponds to an object of interest in the 
scene is identi?ed. For example, referring to the exemplary 
scenario illustrated in FIG. 2, a chair 230 in Which a video 
conferencing participant may sit is the object of interest, and 
a portion of the obtained image that corresponds to the chair 
230 is identi?ed. The object of interest may be selected manu 
ally (e.g., a user may select a desired object from the depth 
map or an image) or automatically (e.g., the camera system 
selects an object in the center of the physical environment or 
an object closest to the camera vieW port). 
At 114, the identi?ed portion of the obtained image is 

mapped to a set of three-dimensional coordinates in the depth 
map so as to calculate or determine the location of the selected 
object in the physical environment. The selected object may 
be stationary or in motion, Which affects the dynamic map 
ping of such an object as understood in the art. For example, 
referring to the exemplary scenario illustrated in FIG. 2, an 
image pixel representing an object center of the selected 
object, i.e., the chair 230, in the identi?ed portion of the 
obtained image is initially mapped to a point identi?ed by 
three-dimensional coordinates (x,y,Z) in the depth map. The 
coordinates (x,y,Z) of this center point or pixel in the depth 
map are then stored. Next, image pixels in the neighborhood 
of the object center that also belong to the selected object are 
similarly mapped to three-dimensional coordinates in the 
depth map, and such coordinates are also stored. This is 
repeated until all image pixels that belong to the selected 
object are mapped to coordinates in the depth map and such 
coordinates are stored. 

In general, the steps 112-114 may be performed by the 
imaging system 240 or other image processing devices using 
one or more methods for generating a background map as 
noted earlier. For example, the imaging system 240 may use 
an initial room mapping training method to map static objects 
in the physical environment 210, an object-tracking training 
method (e. g., facial recognition method) to dynamically iden 
tify and map a moving object in the physical environment 
210, or both the initial room mapping training and object 
tracking training methods to map one or more static and 
moving objects in the physical environment 210 or to achieve 
greater accuracy in mapping a single object. 
At 116, a surface model With three-dimensional physical 

coordinate variables (x,y,Z) is ?tted to the three-dimensional 
coordinates of the selected object, as mapped in the depth 
map at 114, to de?ne a desired depth surface based on a 
surface of the selected object. The desired depth surface is a 
virtual replacement surface that may be de?ned from values 
of the mapped three-dimensional coordinates that represent 
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the surface of the selected object, approximated values of 
such coordinates, predetermined offsets from the actual coor 
dinate values (e.g., to shift the object surface aWay from the 
selected object While contouring the object surface to the 
surface of the selected object), or any combination thereof. In 
one embodiment, this surface model may be extended tWo 
dimensionally along an entire Width direction (i.e., x direc 
tion) and an entire height direction (i.e., y direction) of the 
physical environment, as mapped in the depth map, to de?ne 
or generate a three-dimensionally traversing depth surface 
(having at least tWo different depth values) that is ?tted to the 
surface of the selected object or an approximation thereof. 
For example, referring to the exemplary scenario illustrated in 
FIG. 2, a depth surface 250 is surface ?tted to the surface of 
the chair 230 and extended horizontally along the entire x 
direction and vertically along the entire y direction of the 
physical environment 210, as mapped in the depth map. In 
another embodiment, the depth surface 250 may be extended 
a predetermined distance along the Width and/ or height direc 
tion, such as along the Width and height of the chair 230, for 
pieceWise image replacement of, for example, only image 
information that is directly behind the chair 230. As illus 
trated, the depth surface 250 includes a plane that is not 
parallel to the principal plane of the image as obtained or 
captured by the imaging system 240, Whereby the principal 
plane of the image is perpendicular to the optical axis of the 
imaging system. Also as illustrated, the depth surface 250 
includes a representation of at least a portion of the surface of 
the chair 230, namely, the seating area and the back-support 
area of the chair 230. 
Known methods for parametric or non-parametric surface 

modeling may be employed to generate or de?ne the three 
dimensional surface model for the depth surface 250. For 
example, With parametric surface modeling, the surface 
model may include one or more parameteriZed surface equa 
tions (i.e., With knoWn coe?icients or parameters) that are 
used to ?t one or more selected objects based on their mapped 
three-dimensional coordinates in the depth map or approxi 
mations thereof. One surface equation may be suf?cient for 
the surface model if the depth surface 250 is contiguous. 
HoWever, multiple surface equations may be included in the 
surface model if the depth surface 250 is non-contiguous so as 
to de?ne non-contiguous Zones of such a surface. As referred 
herein, a non-contiguous surface includes multiple separate 
surfaces that do not abut one another. When parameteriZed 
surface equations are not used or otherWise not available to 
de?ne the depth surface 250, non-parametric surface model 
ing may be employed to ?t one or more selected objects to 
generate the depth surface 250. For example, a contiguous or 
non-contiguous depth surface 250 may be represented by an 
un-predetermined number of local surface patches that are 
used to ?t to three-dimensional coordinate points of one or 
more selected objects. In another example, a contiguous or 
non-contiguous depth surface 250 may be represented by 
sampled three-dimensional coordinate points of the vertices 
of a triangular tessellation of the surface of one or more 
selected objects. In general, any knoWn non-parametric mod 
eling techniques may be employed here to de?ne or generate 
the depth surface 250. 

Accordingly, unlike the typical single depth or distance 
threshold, a depth surface 250 comprising multiple depth or 
distance values is determined and used here. Furthermore, 
unlike the single value of distance threshold, the depth surface 
250 may be dynamically calculated to take into account the 
movement of the selected object so as to move With the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
selected object. That is because the determination of the depth 
surface 250 may be based on the dynamic mapping of the 
selected object. 
At 118, background and foreground portions of the cap 

tured image are determined based on the obtained depth map 
and depth surface 250. The background portion is determined 
as those pixels in the captured image that have depth values 
(i.e., in the Z direction) greater than those of corresponding 
points of the depth surface. The foreground portion is deter 
mined as those pixels in the captured image that have depth 
values (i.e., in the Z direction) less than those of correspond 
ing points of the depth surface. Pixels in the captured image 
that have depth values equal to those of corresponding points 
of the depth surface may be classi?ed as foreground, back 
ground, or neither foreground nor background. For example, 
referring to the exemplary scenario illustrated in FIG. 2, the 
portion of the captured image that represents the volumetric 
region 260 behind the depth surface 250 is considered as the 
background portion or region; Whereas, the portion of the 
captured image that represents the volumetric region 270 in 
front of the depth surface 250 is considered as the foreground 
portion or region. 

At 120, once the foreground region, the background 
region, and the depth surface are determined, any part thereof 
may be replaced With other selected image information as 
desired. For example, referring to the exemplary scenario 
illustrated in FIG. 2, pixels in the background region 260 (i.e., 
pixels in the depth map that have greater depth than the depth 
surface 250) may be replaced With background pixels that 
have desired information such as blue pixels to form a blue 
screen, pixels that form some desired graphic design, such as 
a company logo, or pixels from another image or video frame. 
Alternatively or additionally, normal or texture image infor 
mation may be mapped to the depth surface 250. Thus, a call 
participant sitting in the chair 230 Would appear to be sitting 
in a formal setting instead of in a physical environment 210, 
Which may be an informal setting, such as a bedroom or 
kitchen in the participant’s home. FIGS. 3-5 illustrate various 
scenarios for image replacement in the foreground region, 
background region, and the depth surface. 

FIG. 3 illustrates an exemplary scenario Wherein a back 
ground replacement is performed over a desired background 
replacement surface 310 behind the depth surface 250, i.e., 
Within the background region 260. The background replace 
ment surface 310 is a virtual replacement surface that may be 
contiguous or non-contiguous. It may be de?ned or generated 
by parametric or non-parametric surface modeling as 
described earlier such that the depth (i.e., in the Z direction) of 
the background replacement surface 310 is greater than the 
depth of the depth surface 250. Then, pixels in the obtained 
image that have a greater depth based on corresponding val 
ues in the depth map than the background replacement sur 
face 310 may be replaced With background pixels of desired 
image information. Alternatively or additionally, normal or 
texture image information may be mapped onto the back 
ground replacement surface 310. The background replace 
ment surface model may be de?ned by one or more objects in 
the obtained image that are located behind or in front of the 
object of interest, e. g., the chair 230. Alternatively, the back 
ground replacement surface model may be arbitrarily 
selected so as to form a desired shape for the background 
replacement surface 310, such as a curved background 
replacement surface as illustrated in FIG. 3. Furthermore, a 
line equation 320 on the background replacement surface 310 
may be derived or calculated to map desired background 
information thereon such that information may be trans 
formed or contoured (rotated, scale, translated) With respect 
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to the direction of the line equation. For example, a ticker tape 
image displaying current neWs or the stock market may be 
presented on background replacement surface 310 along the 
line equation 320. It should be understood that a line equation 
may be used to form desired information on the depth surface 
250 as Well. 

FIG. 4 illustrates an exemplary scenario Wherein a fore 
ground replacement is performed over a desired foreground 
replacement surface 410 in front of the depth surface 250, i.e., 
Within the foreground region 270. As With the background 
replacement surface 310, the foreground replacement surface 
410 is a virtual replacement surface that may be contiguous or 
non-contiguous. It may be de?ned or generated by parametric 
or non-parametric modeling as described earlier such that the 
depth (i.e., in the Z direction) of the foreground replacement 
surface 410 is less than the depth of the depth surface 250. 
Then, pixels in the obtained image that have less depth, based 
on corresponding values in the depth map, than the fore 
ground replacement surface 410 may be replaced With fore 
ground pixels of desired image information. Alternatively or 
additionally, normal or texture image may be mapped to the 
foreground replacement surface 410. In one embodiment, the 
replacing pixels that are mapped to the foreground replace 
ment surface 410 may be translucent or otherWise of a color 
that is su?icient to alloW pixel data behind the foreground 
replacement surface 410 to be partially visible. The fore 
ground replacement surface model may be de?ned by one or 
more objects that are located in front of the object of interest, 
e. g., the chair 230. Alternatively, the foreground replacement 
surface model may be arbitrarily selected so as to form a 
desired shape for the foreground replacement surface 410, 
such as the bent foreground replacement surface as illustrated 
in FIG. 3. Furthermore, a line equation 420 on the foreground 
replacement surface 410 may be derived or calculated to map 
desired background information thereon such that informa 
tion may be transformed or contoured (rotated, scale, trans 
lated) With respect to the direction of the line equation. For 
example, a ticker tape image displaying current neWs or the 
stock market may be presented on foreground replacement 
surface 410 along the line equation 420. 

FIG. 5 illustrates an exemplary scenario Wherein image 
replacement mapping on various replacement surfaces, such 
as the background replacement surface 310 and the fore 
ground replacement surface 410, may be scaled to create the 
illusion of depth (e.g., darker colors look more distant) and to 
blend into the ?nal composite image presented to vieWer at 
the receiving end of the imaging system 240. In one embodi 
ment, brightness, gamma, contrast, transparency, and/ or other 
visual properties may be scaled based on the depth and/or 
position of the surface from the imaging system 240 or based 
on the distance and/or direction to the depth surface 250. 
Thus, properties of the selected image information used to 
provide image replacement may be modi?ed based on depth 
and/ or position of the virtual replacement surfaces. For 
example, as illustrated in FIG. 5, if the foreground replace 
ment surface 270 ranges from 3 feet to 2 feet to 4 feet aWay 
from the imaging system 240, then the portion of the image 
mapped to the foreground replacement surface 270 is trans 
formed to have a brightness gradient increasing from the left 
side to the ‘crease’ in the surface, and then decreasing to the 
right side, Where the brightness gradient on the left side is less 
than the brightness gradient on the right side because the 
magnitude of the slope of the left side from 3 feet to 2 feet is 
less than the magnitude of the slope on the right side from 4 
feet to 2 feet. The image gradient also may folloW the curva 
ture of the mapped surface, such as the bent arroW 420 in the 
foreground replacement surface 410 (or the curved arroW 320 
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8 
on the background replacement surface 310 if mapped 
thereto). This is done by calculating the distance betWeen tWo 
surfaces at predetermined traversing intervals. It Will be 
understood by those skilled in the art that the above example 
is for illustrative purposes only, and that the image property 
modi?ed is not limited to brightness, and that the mapping 
from depth or depth slope to gradient of any image property is 
not limited to the mapping described in the example. 

In another exemplary scenario, image replacement map 
ping on various replacement surfaces, such as the background 
replacement surface 310 and the foreground replacement sur 
face 410, may be scaled based on the previous gradient of the 
replaced pixels. That is, pixel brightness, gamma, contrast, 
and/or other visual properties on the replacement surfaces 
may be scaled based on the gradient of the pixels to be 
replaced on such surfaces before replacement. Thus, gradient 
matching may be done to maintain the color consistency in 
the composite image. For example, referring again to FIG. 5, 
on the left side of the foreground replacement surface 410 that 
ranges from 3 feet to 2 feet the gradient of brightness, gamma, 
and contrast may be calculated and then applied to the neW 
pixels that are to be mapped onto the left side. In addition to 
gradient, relative scaling may be done With respect to a start 
ing comer (or any designated location) of a replacement 
surface. That is, for example, if the original pixel luminance is 
YISO at a starting corner that is to be replaced by the replace 
ment surface, and the neW pixel value isY:l 00 for the starting 
corner of the replacement surface, the neW pixel value may be 
scaled by 0.5 before gradient scaling is applied. This may be 
done to visually blend in the replacement surface With the rest 
of the captured image. Otherwise, as noted in the example, the 
replacement surface may exhibit a higher luminance than that 
of the rest of the captured image and cause a visual discrep 
ancy betWeen the replacement surface and the captured 
image, especially at the boundaries betWeen the tWo. 

In still another exemplary scenario, image replacement 
mapping on various replacement surfaces 310, 410 may be 
scaled based on relative distances betWeen the replacement 
surfaces 310, 410 to the depth surface 250, or the depth 
surface 250 to the imaging system 240. That is, pixel bright 
ness, gamma, contrast, and/or other visual properties on the 
replacement surface may change based on a selected object 
230 Which de?nes the depth surface 250. This is useful, for 
example, to create textures such as shadoWs on the replace 
ment surfaces 310, 410 that dynamically change based on 
movement of object 230. 

Accordingly, as described above, the process 100 may be 
used to generate or determine a depth surface 250, a back 
ground replacement surface 310, and/or a foreground 
replacement surface 410 that are contiguous or non-contigu 
ous. The process 100 as illustrated in FIG. 1 and exempli?ed 
above may be implemented in a general, multi-purpose or 
single purpose processor. Such a processor Will execute 
instructions, either at the assembly, compiled or machine 
level, to perform that process. Those instructions can be Writ 
ten by one of ordinary skill in the art folloWing the descrip 
tions of FIGS. 1-6 and stored or transmitted on a computer 
readable medium. The instructions may also be created using 
source code or any other knoWn computer-aided design tool. 
A computer readable medium may be any physical medium 
capable of carrying those instructions and include a CD 
ROM, DVD, magnetic or other optical disc, tape, silicon 
memory (e.g., removable, non-removable, volatile or non 
volatile), or any transmission medium such as packetiZed or 
non-packetiZed Wireline or Wireless transmission signals. 

Accordingly, the systems and methods as described herein 
are operable to modify the background and/or foreground of 
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a video call, or any video capturing and transmission appli 
cation, based on the use of an imaging system and knowledge 
about the physical environment at Which the imaging system 
is directed. As a result, an object of the video call, such as a 
call participant, may move freely around the video capturing 
environment, such as a videoconference room, Without con 
cern of the image of objects in the room being transmitted to 
other participants of the video call. 
What has been described and illustrated herein are various 

embodiments along With some of their variations. The terms, 
descriptions and ?gures used herein are set forth by Way of 
illustration only and are not meant as limitations. Those 
skilled in the art Will recogniZe that many variations are 
possible Within the spirit and scope of the subject matter, 
Which is intended to be de?ned by the folloWing claimsiand 
their equivalentsiin Which all terms are meant in their 
broadest reasonable sense unless otherWise indicated. 
What is claimed is: 
1. A method for replacing image information in an image, 

the method comprising: 
obtaining an image of a scene; 
obtaining a depth map of the scene; 
de?ning a depth surface in the depth map, Wherein the 

depth surface includes at least tWo different depth val 
ues; 

de?ning at least one portion of the image based on the 
depth surface; and 

replacing the at least one portion of the image With image 
information; 

Wherein the step of de?ning the depth surface comprises: 
identifying a portion of the obtained image that corre 

sponds to a selected object in the scene; 
mapping the portion of the obtained image that corre 

sponds to the selected object in the scene to a set of 
coordinates in the depth map; 

determining a surface of the selected object based on the 
mapping of the portion of the obtained image; 

?tting a surface model to the determined surface of the 
selected object; and 

forming the depth surface by extending the surface 
model along an entire Width direction and an entire 
height direction of the scene as mapped in the depth 
map. 

2. The method of claim 1 Wherein the set of coordinates in 
the depth map are three-dimensional coordinates, and the step 
of de?ning the depth surface further comprises: 

de?ning the depth surface based on at least one of: the 
three-dimensional coordinates, an approximation of the 
three-dimensional coordinates, and an offset from the 
three-dimensional coordinates. 

3. The method of claim 1 Wherein the step of de?ning the 
depth surface comprises at least one of: determining a para 
metric surface model for the depth surface and determining a 
non-parametric surface model for the depth surface. 

4. The method of claim 1 Wherein the depth surface com 
prises a representation of at least a portion of a surface of the 
selected object. 

5. The method of claim 1 Wherein: 
the step of mapping the portion of the obtained image 

includes dynamically mapping the portion of the 
obtained image that corresponds to the selected object as 
the selected object moves about in the scene; and 
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the step of de?ning the depth surface includes dynamically 

de?ning the depth surface based on the dynamic map 
ping of the selected objected in the scene. 

6. The method of claim 1 Wherein: 
the step of de?ning the depth surface includes dynamically 

de?ning the depth surface based on changes in at least 
one of the obtained image, the obtained depth map, and 
the scene. 

7. The method of claim 1 Wherein the step of obtaining the 
image of the scene comprises: 

obtaining the image of the scene With an imaging system 
that includes one of a normal lens, a Wide-angle lens, a 
telephoto lens, and a macro lens. 

8. The method of claim 1 Wherein the step of de?ning at 
least one portion of the image comprises: 

determining a background portion of the image by identi 
fying pixels in the captured image that have depth values 
greater than depth values of the depth surface; and 

determining a foreground portion of the image by identi 
fying pixels in the captured image that have depth values 
less than the depth values of the depth surface. 

9. The method of claim 1 further comprising: 
modifying properties of the selected image information 

based on depth values of the depth surface. 
10. The method of claim 1 further comprising: 
modifying properties of the selected image information so 

as to match a gradient of the selected image information 
to a gradient of the at least one portion of the image. 

11. The method of claim 1 Wherein the image obtained is a 
video image. 

12. The method of claim 1 Wherein the steps of obtaining 
the image of the scene and obtaining the depth map of the 
scene are performed using a stereo camera. 

13. The method of claim 1 Wherein the depth surface 
includes non-contiguous Zones. 

14. A system to replace image information in an image 
comprising: 
means for obtaining an image of a scene; 
means for obtaining a depth map of the scene; 
means for de?ning a depth surface in the depth map, 

Wherein the depth surface includes at least tWo different 
depth values; 

means for de?ning at least one portion of the image based 
on the depth surface; and 

means for replacing the at least one portion of the image 
With image information; 

Wherein de?ning the depth surface comprises: 
identifying a portion of the obtained image that corre 

sponds to a selected object in the scene; 
mapping the portion of the obtained image that corre 

sponds to the selected object in the scene to a set of 
coordinates in the depth map; 

determining a surface of the selected object based on the 
mapping of the portion of the obtained image; 

?tting a surface model to the determined surface of the 
selected object; and 

forming the depth surface by extending the surface 
model along an entire Width direction and an entire 
height direction of the scene as mapped in the depth 
map. 


